Abstract
Introduction
One of diabetic retinopathy indications is eyes retinal defect. Hard defect will cause blindness [1] - [4] , therefore, it is necessary to be conducted early detection on Fundus. In this case, segmentation of blood vessel in Fundus plays important rule in detecting eye blood vessel damage [5] . The segmentation results such as length, wide, shape of blood vessel branch will assist to determine kind of the diabetic retinopathy diseases [6] . The problem occurred on medical world related to blood vessel on Fundus is difficult to segment manually blood vessel, it is require high cost and accuracy. However, blood vessel segmentation is not professional if it is conducted manually [7] .
Difficulty segmentation on the Fundus image blood vessels caused by optic nerve head damage has gray level that is almost similar to the objects around and overlapping between the blood vessels and the optic nerve head. Therefore it is necessary to build appropriate method for blood vessels segmentation in the Fundus image.
In recent years, many researchers have conducted research on the segmentation of the blood vessels of the Fundus [7] - [10] , Optic Nerve Head [11] - [14] . The research conducted is an attempt to improve the segmentation result Fundus image blood vessels. However, the results of segmentation error rate are still far from the expected.
The method is widely used to detect blood vessels is Level Set [14] , but the method has a limitation when the segmentation process which requires appropriate initialization region, if it does not match actual outcomes result in high error rates. In this study, the proposed segmentation method without using a Fundus blood vessel region initialization, the proposed method based on the maximum value of the convolution matrix 8 directions and overlapping mask matrix. The proposed method works quickly.
Segmentation of blood vessels and the determination of the optic disc is a series of Fundus image biomedical research process used to detect levels of diabetic disease retinopathy [15] . Object separation Fundus image blood vessels are very complicated process. The problem that arises when the segmentation process is very little difference between the blood vessels and other objects that are around, it will cause difficulty in performing segmentation. The number of pixels on the blood vessels and the optic disc overlapping also cause difficulty in performing segmentation. However, many methods have been developed by the researcher to segment the blood vessels and the optic disc on Fundus image. The presence of cotton wools spots, microanuerysms, edema and exudates are also an impediment to separate the blood vessels and the optic nerve disc.
Research Method
Fundus image has black background, whereas blood vessel and optic disk have the little difference to the background. This problem causes difficulty to separate between the blood vessel and the background. In this research, the proposed method Fundus blood vessel segmentation by determining the maximum value of the convolution matrix followed by an 8-directions overlapping mask matrix. Suppose an RGB fundus image as in the form of the following equation
For the next process, green value of the Equation (1) is processed as seen on the following equation
In order to create mask image, it is necessary to determine the threshold value. It is conducted to separate between Fundus object and background. The following are equation to create the mask image using the threshold value
Mask image can be created from Equation (2) by using Equation (3) as seen in Figure 1 . In this case, the threshold value used is 50. The next step is to calculate the result of the convolution matrix 8 directions. This process is started by defining the integer number x and x{-t, -5, -4, . . . .4, 5 }. The value of x is computed by using equation
The results of Equation (4) are shifted the value based on the maximum value as seen on the following equation
The results of Equation (5) are duplicated n lines and calculated the average values by using equation
Zero means value can be calculated based on Equation (5) and (6) as the following equation
The results of Equation (7) are normalized by using equation 
In this case, the 1 st row of R has the same value with the 2 nd row until the end row. The value of R can be seen in equation
The results of Equation (9) is used to created mask matrix by using the following rule as seen on the following equation 
Mask matrix in Equation (10) The result of the convolution of Equation (11) is checked every pixel, the largest value will be taken and placed on the position of the corresponding pixel
The results of selecting the maximum value of the convolution is taken the most minimal value and normalized by using equation
Value of the matrix H is the screening results of convolution matrix 8 directions. Furthermore, the results of Equation (14) is used to determine the threshold value of the image by comparing sum of the largest value by using equation The results of Equation (16) Binary image results in Equation (17) are also contain some noises, therefore it is necessary to remove the breadth of its noise is less than the threshold value. Objects that are smaller than the threshold value is changed to black as the following equation
The results of equation (19) is then overlapped with mask image of Equation (3) by using the following equation
Accuracy Measurements of Segmentation Results
To obtain accuracy the segmentation results on Fundus image DRIVE database [16] , it is necessary to be calculated the difference between experimental results and ground truth image database by using Miss Classification Error equation
In this case Seg BG and Seg BT represent background and foreground ground truth images, whereas background and foreground ground truth images of segmentation results are represented by using Seg FG and Seg FT .
Results and Analysis
To prove performance of the proposed method, the DRIVE Fundus image database is used for experiments [16] . It consists of 20 images. It also supported the segmentation results, the segmentation results are performed by people who are experts in related fields. In order to obtain segmentation accuracy, experimental results are compared with ground truth Fundus image DRIVE database. The following are examples of Fundus image DRIVE database. The ground truth Fundus image DRIVE databases can be seen Figure 3 and Figure 4 . Fundus image DRIVE databases have two ground truth models, which are the first model ( Figure 3 ) and the second model (Figure 4 ). The experimental results have been compared with the first ground truth model of Fundus DRIVE images database. The experimental results of proposed method show that the minimum accuracy is 62.28%, the average of segmentation accuracy is 89.48%, and the maximum segmentation accuracy is 99.744 as shown in Figure 5 . The biggest error occurs on the 7 th image. Error on image is influenced by some parameters, which are the threshold values of object is deleted, wide object, round of object, and ratio between the area of circumference of object. The presence of blood vessels of branch object is regarded as noise, but the elongated shape of the object apart from its branches so it would be deleted when the deletion is conducted. The following are the segmentation results of proposed method as seen on Figure 6 . The difference between background and blood vessels has resulted in breaking of the ends of the retinal blood vessels. Separation between the ends of the retinal blood vessels and the main branch has formed small objects. The object is regarded as noise and removed along with the actual noise as shown in Figure 7 . Both for parts A and B of Figure 7 are the pieces of the retinal image have been enlarged to 400%. Part A of Figure 7 shows that there is a separate ends of the blood vessels of the main branch. Part B of Figure 7 describes of the ends of the severed blood vessels is regarded as noise and removed at the time of the actual noise removal process. The error resulted in sensitivity and accuracy values decreased.
A B Figure 7 . Explanation of Image Segmentation Fault A. Ends of the retinal blood vessels that is separate from the main branch. B. Pieces tip of retinal blood vessels has been removed because it is considered as noise Our proposed method has been compared to other method as seen In Table 1 . The compariason result shows that our proposed method is superior to the other two methods. However, it is important to improve our proposed method to increase the accuracy. Common errors that occur in each object is caused by two things. The first error, delicate branches of blood vessels can not be detected, because the delicate branches of blood vessels has been cut off from the main branch and the branch is considered as noise. The second error, excessive dilation process that causes blood vessel branches is formed too thick. Accuracy (%) Chaudhuri et al. [17] 87.77 Jiang et al. [18] 89.11 Our Proposed Method 89.48
Conclusion
The proposed method has been able to segment the Fundus image DRIVE database, the average error rate 10.52%. However, the error that occurs in some Fundus image can be improved by considering several parameters, especially the determination of the threshold of widespread objects that are considered noise. The determination of the object threshold value needs to be carried out automatically with the object labeling Fundus image segmentation results. The ratio of the circumference and area of the object is an important parameter that should be added to avoid deletion of objects that are not noise but are considered as noise.
